Abstract -This study investigated the teratogerucity of ethanol in several different strains of chickens. The chick embryo provides a useful model for studying the fetal alcohol syndrome. Two broad classifications of chicks, each containing many strains, arc commercially available for use: broilers and layers. Teratogenicity of ethanol in broilers and layers was studied by examining three different parameters: embryo weight, ratio of torso weight to head weight, and embryo viability. Broilers and layers experienced similar ethanol-induced reductions in embryo weight. Broiler embryos experienced a preferential ethanol-induced suppression of head growth. Differences in viability between different strains were found, but no clear pattern between broilers or layers could be determined, possibly due to environmental conditions. The data presented here suggest that the strain of chick and the handling of the eggs are important considerations when studying the teratogenicity of ethanol. An ethanol dose-response test should be periodically performed as a check on environmental conditions affecting the eggsconditions that are beyond the control of the researcher.
INTRODUCTION
Fetal alcohol syndrome (FAS) and fetal alcohol effects (FAE) are the result of maternal consumption of ethanol during critical periods of embryonic development (Sandor, 1979; Abel 1984; Schenker et al., 1990) . The teratogenicity of ethanol was first reported by Lemoine et al. (1968) , but the term fetal alcohol syndrome was first used in 1973 . Adverse clinical consequences of drinking during pregnancy can include increased neonatal mortality, head and facial abnormalities, microcephaly, disorders of bodily organs, disorders of the central nervous system and intrauterine growth retardation (Rosett, 1980; Abel 1984 Abel , 1985 Stromland, 1996) . FAS and FAE are complex issues and it is important to design studies that provide reliable data that can be used to combat the problems associated with them. Animal models provide a tool for understanding the relationship between prenatal ethanol exposure and FAS.
By using animal models, the detrimental effects of ethanol can be determined without confounding variables such as malnutrition, drug use, or even 'Author to whom correspondence should be addressed poor environmental conditions often found in human population studies. Pre-and post-natal growth retardation are the most common effects of prenatal ethanol exposure in animal models, which corresponds to the growth retardation seen in clinical studies (Henderson et a., 1979; Lochry et al, 1980; Pennington et al., 1983; Gallo and Weinberg, 1986; Goodlett et al., 1989; Becker et al., 1996; Hannigan, 1996) . The value of any animal study depends upon the species of animal being studied. Research has shown that chick embryos experience ethanol-induced growth suppression (Koda et al., 1980; Pennington et al., 1983; Pennington and Kalmus, 1988; Pennington, 1990) , thus substantiating the use of the chick as a model to study the teratogenicity of ethanol. Further support for the chick embryo as a model to study ethanol teratogenicity was provided by behavioural studies done on chicks exposed to ethanol during development (Means et al., 1988 (Means et al., , 1989 . Subtle changes in mental function occur in the chick upon embryonic ethanol exposure which mirrors the clinical symptoms of FAS. The usefulness of the chick embryo for teratology studies rests on three important facts: (1) each embryo develops in a self-contained environment, free from the maternal variables of nutrition and placenta! dysfunction; (2) the 21-day gestation period combined with the freedom from having to dose the mother provides quick results; (3) the ability to manipulate the precise number of eggs to use as well as the exact dose to administer to each egg provides increased control of experimental procedures. It is important to note, however, that different strains of chickens are available for use in research, and these strains are categorized into two broad groups: broilers and layers.
Broilers and layers are chickens of greatly different growth potential. Modern broiler chickens have been selectively bred for a fast rate of muscle (torso) weight gain and high meat yield, while layer chickens are characterized by slow growth but early sexual maturity (Hentges et al., 1983; Klasing et al., 1987; Saunderson and Leslie, 1988; Stevens 1991; Kim et al., 1992) . Broilers are also characterized by poor reproduction, excessive fatness, increased skeletal abnormalities, and ascites (Griffin and Goddard, 1994) . Given the differences in growth potential between broilers and layers, this study examined how the strain differences affected ethanol teratogenicity in developing embryos. Another purpose of this study was to provide a more effective chick embryo model for FAS research by studying the effects of ethanol on broilers and layers.
MATERIALS AND METHODS

Handling of eggs
Four strains of chickens were selected for study based on their availability: two broiler strains: Peterson x Hubbard and Ross x HY and two layer strains: DeKalb Gold and White Leghorn. Unincubated, fertile eggs were obtained from Moyer's Chicks, Inc. (Quakertown, PA, USA) and stored at 12°C for no more than 2 days before incubation.
Ethanol treatment
Prior to incubation (day 0), the injection site of each egg was cleaned with a 70% solution of ethanol, then each egg was labelled with pencil (due to the permeability of the eggshell) with the concentration of ethanol injected. Ethanol in chick Ringer's solution (123 mM NaCl, 5 mM KC1, 1.6 mM CaCl 2> pH 7.2) in a total volume of 200 nl was injected into the air space of each egg using a syringe through a small hole in the eggshell. Ethanol concentration was based on average egg weight (60 g), and, in order to observe the effects of increasing concentration in each strain, the following concentrations of ethanol were used: 0.7 g/kg, 0.9 g/kg, 1.1 g/kg, and 1.3 g/kg. To serve as a control, 200 ul of chick Ringer's solution (vehicle) was injected into eggs. After injection, the small hole in each eggshell was sealed with paraffin wax and the eggs were placed in a GQF Model 1200 (Savannah, GA, USA) incubator. Eggs were incubated for 120 h (5 days) at 37.5°C and 53% humidity and automatically turned every 4h.
Embryo weights
After 120 h of incubation, the chick embryos were harvested and associated membranes were removed. Each embryo was weighed to the nearest 1/10 000 g using a Mettler analytical balance. Then the head of each embryo was severed from its torso, and the head and torso were weighed individually. Animal care and use guidelines enforced by the Pennsylvania State University were followed regarding treatment and disposal of embryos.
Viability
Viability was measured by counting the number of viable embryos harvested from each group. Viability was defined as an intact embryo with no signs of haematomas.
Statistics
Group means and standard errors were calculated using SigmaPlot and SigmaStat statistical programs. Statistically significant differences between group means were determined using Student's f-test where a P < 0.05 was considered statistically significant.
RESULTS
Ethanol dose-response effects on embryo weights
To determine the ethanol dose response in broiler and layer strains, eggs were injected with various concentrations of ethanol (0.0-1.3 g/kg), incubated for 120 h, then harvested and weighed as described in Materials and methods. Because ethanol is an amphipathic molecule, it distributes in both membrane and cytoplasm of the cell (Wilson et al., 1984) . Previous work with the chick embryo has demonstrated that alcohol Each figure is a plot of the combined runs (two trials each) for each strain. The scale on the v-axis of each plot is identical to the scale used for the broiler strains (Fig. 1) . The numbers in parentheses represent the number of embryos used for each ethanol dose. *P = 0.0678 compared to vehicle; **P < 0.05 compared to vehicle; P < 0.001 for all other ethanol doses when compared to appropriate vehicle.
dehydrogenase activity does not appear until day 9 of development (Wilson et al., 1984) . Therefore the embryonic blood-alcohol levels are nearly the same as the concentrations injected into the egg at the beginning of incubation. Both broiler strains ( Fig. 1) experienced an approximately 40% reduction in embryo weight at 0.7 g/kg ethanol. The Ross x HY strain had a larger, but not significant, overall weight reduction compared to the Peterson x Hubbard strain. It should be noted that the vehicle weights of the two strains were significantly different (0.1665g for the Peterson x Hubbard compared to 0.1361 g for the Ross xHY,/> = 0.012). The two layer strains (Fig. 2) experienced a less pronounced reduction in weight following exposure to ethanol compared to the broiler strains. Embryonic weights in the DeKalb Gold strain steadily declined with increasing ethanol concentrations, but the embryonic weights in the White Leghorn strain were nearly the same at 0.7 g/kg, 0.9 g/kg, and 1.1 g/kg. The 1.1 g/kg and 1.3 g/kg data points for White Leghorn consisted of only six and seven embryos respectively due to the severe drop in viability in this strain at high ethanol concentrations (see later).
The embryo weights in both broiler strains were combined and compared to the combined weights for those of both layer strains (Fig. 3) . The vehicle control weight was significantly lower for the layer strains (0.1193 g for layers compared to 0.1443 g for broilers, P = 0.0055). No significant differences existed between broiler and layers at any ethanol concentration. The lack of signifi- The data for both strains of broiler were similar so the torso/head data were pooled. The data for the two layer strains were also pooled. The number of embryos used for each bar in the graph are the sum totals of the numbers in parentheses in Figs 1 and 2 respectively. *P < 0.05 compared to vehicle ratio for broilers.
cance is thought to be due to the wide variability in each trial, possibly due to environmental conditions (see Discussion).
Ethanol dose-response effects on torso to head ratios
For every embryo weighed in this study, both a torso and a head weight value were obtained. The ratio of torso to head weight provided an indication of whether ethanol caused an overall embryonic growth suppression, or if the ethanolinduced decrease in weight affected the head and the torso differentially. The ratio of torso/head weights for each ethanol concentration was plotted (Fig. 4) . The data for both broiler strains were nearly identical, as were the data for the two layer strains. Because of the similar data in broilers and layers, the data for the two different strains in each type of embryo were combined. The two highest ethanol concentrations caused a significant increase in the torso/head ratio for broilers. No changes in this ratio were caused by ethanol in layers.
Ethanol dose-response effects on viability
An important consideration when choosing a chick strain to study FAS is the viability of the embryos upon ethanol exposure. The two broiler strains experienced decreasing viability with increasing ethanol concentrations (Fig. 5) . The two layer strains experienced different responses in viability (Fig. 6) . The DeKalb Gold embryos had a high viability, except at the highest ethanol concentration, whereas the White Leghorn embryos experienced severe decreases in viability at 0.9 g/kg and very few embryos survived at the 1.1 g/kg or 1.3 g/kg dose of ethanol. 
DISCUSSION
The chick embryo has served as a model for FAS research for many years. Most studies involving the chick embryo simulate chronic ethanol exposure at doses comparable to those of a continually intoxicated human mother (Wilson et al., 1984; Bruyere et al., 1990) . The ethanol doses generally range between 0.5 g and 1.5 g/kg of eggs (Pennington et al., 1983; Means et al., 1989; Pennington, 1990; Brodie and Vernadakis, 1991; Natsuki, 1991; Kentroti and Vernadakis, 1992; Bruyere and Stith, 1993; Rahman et al., 1994; Srivastava et al., 1995) . At least one study involving acute ethanol effects has also been reported (ten Busch et al., 1996) .
The differences between strains of chicks have also been studied for many years. Differences in food intake and energy balance (Azahan and Forbes, 1989) , comparison of overall growth regulation (Griffin and Goddard, 1994; Hancock et al., 1995) , differences in muscle growth regulation (Klasing et al., 1987; Saunderson and Leslie, 1988) , comparison of protein synthesis rates (Hentges et al., 1983) , and differences in proteolytic enzyme activity (Schreurs et al., 1995) have ail been studied. One study investigated ethanol-induced cardiac defects in three different genetic variations of the White Leghorn broiler strain (Bruyere and Stith, 1993 ). It appears, however, that no study has compared the ethanol-induced growth suppression among different strains of chickens.
Several strains of chicks, both broilers and layers, are commercially available to the laboratory from a local hatchery (Moyer's Chicks). Two broiler strains, Peterson x Hubbard and Ross x HY, and two layer strains, DeKalb Gold and White Leghorn, were chosen for the current study to examine differences between individual strains and to determine if differences in ethanol teratogenicity exist between broiler and layer strains. Broiler strains of chickens weigh more at hatching, grow faster, have lower rates of protein degradation, and experience increased protein synthesis (Klasing et al., 1987) . The broiler strains have been selected for growth, as some of them can grow up to four times faster than some layer strains (Griffin and Goddard, 1994) . The layer strains have been selected for reproductive ability rather than growth (Griffin and Goddard, 1994) .
Because of the rapid growth of broiler strains compared to layer strains, it was thought that the two broiler strains might be more susceptible to ethanol-induced growth suppression. The broiler embryos do experience more rapid growth early in development, as demonstrated by larger weights of vehicle embryos (Fig. 3) . The data presented here do not support the idea, however, that broilers are more susceptible to the growth-suppressing effects of ethanol (Figs 1, 2, and 3) . The differences between broiler and layer strains are not as great as might be expected. Even though the layers experienced a greater growth suppression at the two lowest concentrations of ethanol, broilers experienced the greater suppression at the two highest doses of ethanol. Perhaps a difference exists in the ability of broiler embryos to grow under the influence of ethanol (while the layer embryos are not capable of doing so), which would explain the continued growth suppression of the broilers. The layers generally do not survive the high ethanol doses, judging from the viability data (Fig. 6 ), but the embryos that do survive have increased resistance to the effects of ethanol.
Another way to examine the effect of ethanolinduced growth suppression is to compare the torso weight to head weight (torso/head ratio) at different concentrations of ethanol. If ethanol causes an overall growth suppression, then the torso/head ratio is expected to remain constant at all ethanol concentrations. If, however, ethanol suppresses growth of the head (presumably accounting for a decreased brain weight) more than the growth of the torso, then the torso/head ratio would increase. Ethanol appeared to cause an overall growth suppression in layer strains, with a slight preferential decrease in head weight in the broiler strains that was statistically significant at the two highest ethanol concentrations used. The difference between broilers and layers with respect to torso/head ratio may result from the 50 years of selection pressure to increase the rate of muscle growth. The growth of the head (brain) was not a selection criterion used during the 50 years of selection. A stress on the embryo, such as ethanol exposure, would affect the head more than the torso. The torso, due to selection, can resist the stress-induced growth suppression and continue to grow at a rapid, albeit reduced, pace. The head (brain) cannot respond to the stress as effectively and the cells in the embryonic head (brain) slow their growth more so than those cells in the torso (muscles).
The most marked difference between the strains appeared when embryo viability data were examined. White Leghorn embryos were severely affected at the two highest ethanol concentrations. The two broiler strains suffered from a decrease in viability at 1.3 g/kg ethanol, but the lower ethanol concentrations hardly affected the viability of the two broiler strains. DeKalb Gold embryos experienced high viability except at the highest ethanol concentration tested, 1.3 g/kg. Because of the difference between the two individual layer strains, a broiler vs layer comparison was not performed. Viability depends heavily on environmental conditions of the eggs. Although the egg supplier claims that the White Leghorn eggs were exposed to the same environmental conditions that the other strains were exposed to, some environmental stress, cold for example, may have occurred prior to reaching this laboratory. The egg supplier purchases the eggs from Arkansas, so the eggs are generally 2 to 3 days old when they reach this laboratory. Any differences in handling the eggs prior to reaching this laboratory could affect results. Although standardized procedures are followed to maintain consistent handling of the eggs once in this laboratory, it is almost impossible to control their conditions prior to delivery. The variability resulting from conditions beyond the control of the researcher and the critical role of those conditions in experimental outcome may be the most important result of this study. Researchers using chicks need to be aware that consistent and appropriate handling of the eggs is necessary to achieve reproducible results.
The researcher using chickens to study the teratological effects of ethanol needs to ensure that the strain of chicken used is the same throughout the study. Not only does the strain need to be the same, but meticulous attention to the handling of the eggs is necessary. If adequate internal controls are applied, then one strain should produce repeatable findings within the limitations of the experimental conditions. Future studies on the effect of other drugs, such as nicotine and caffeine, on embryonic weight in several strains of chickens would prove beneficial in determining how much strain difference influences a particular drug's teratological effect.
In summary, differences exist between broiler and layer strains of eggs with respect to the teratogenicity of ethanol early in development. Broiler strains have a more marked ethanolinduced decrease in growth and ethanol preferentially decreases growth of the head in broilers. The differences in viability may result from environmental conditions that affected the eggs prior to their receipt in this laboratory. Although the differences between broiler and layer strains are relatively subtle, the differences signal a cautionary note for researchers using chick embryos. Interpretation of chick embryo results necessitates consideration of the type of chick being used for the study. A minimum necessity for any teratological study using chick embryos is a dose-response experiment that measures the growth suppression, by weight, for each strain of chick used for the study. A periodic dose-response test will also provide a means of checking that the environmental condition of the eggs is being controlled prior to arriving in the research laboratory.
